Corrosion thinning is one of the main failures of the escalators. In this paper, the influence of corrosion thinning on strength and rigidity of three typical escalator trusses are analyzed by finite element calculation. The calculation results show that the corrosion thinning has little effect on the strength, but has great effect on the rigidity of escalator trusses. Therefore, in the escalator design, it is necessary pay more attention on improving the rigidity of the truss, so as to avoid the inflection of truss exceeding the standard requirement.
Introduction
Since the escalators can transport passengers continuously, and have large transport capacity, an escalator can transport 4500-13500 people per hour [1] , so the escalators are widely used in subway stations, airports, shopping malls and other crowded places. Moreover, the escalators often run in long time. Once an accident occurs, it is likely to cause mass injury. Most countries in the world take escalators as dangerous equipment, and formulated regulations and standards for special management.
In recent years, with the rapid development of urbanization, the number of escalators is growing rapidly in China. By 2018, more than 1 million escalators have been put into use in China. Escalator accidents happen occasionally. Once an accident occurs, it often causes serious personal injury. Aging and failure of main components is one of the main causes of escalator accidents. The technical specifications for the scrapping of the main parts of escalator have studied and formulated in China in 2018 [2] , which provides a scientific rules for the scrapping and updating of the main parts of escalator.
Structural and Main Failure Modes of Escalator Truss
The supporting structure of the escalator, also known as truss, is the main metal structure of the escalator. The main structure of truss is generally made up of various metal components by welding or bolt connection, as shown in Figure 1 , which is generally made up of end joists, upper and lower chords, diagonal members, beams, bottom sealing plates and their supports, intermediate supports, lifting parts and other supports [3] .
The escalator truss is a typical steel structure, and its quality and safety accidents can be roughly divided into the following categories according to the failure forms, namely, the failure of steel structure strength and rigidity, the instability of steel structure, the fatigue of steel structure, the brittle fracture of steel structure and the corrosion of steel structure. The above various forms of failures are interrelated and related. In an accident case, it is possible to find several forms of failures, and the causes of various damages also have something in common.
Due to the complex operation environment, such as some escalators have been used in high temperature and/or high humidity environment for a long time, truss structure is likely to rust and corrosion, and lead to profile thinning, perforation, and even local fracture. Therefore, antirust treatment should be carried out before the truss put into use. The antirust treatment methods mainly include hot-dip galvanizing, hot spraying zinc and painting. The hot-dip galvanizing treatment has the strongest antirust ability, which is generally used for outdoor escalators or public transportation and heavy-duty escalators. Due to the poor antirust treatment technical and/or the impact of the running environment, the steel structure often rusts in the actual use process. Therefore, this paper will focus on the influence of the escalator truss on the strength and rigidity of the steel structure after the corrosion and thinning of the metal profile. 
Loading Characteristics of Escalator Truss
The escalator truss is used to install and support all parts of the escalator, and bears various loads, such as gravity of the devices installed in the truss, the passenger load, and the weight of truss itself. The strength and rigidity of the truss are very important to the safety, reliability and comfort operation of the escalators. GB 16899-2011 safety code for the manufacture and installation of escalators and moving walks stipulates that the maximum reflection of escalators and moving walks shall not be greater than 1/750 of the supporting distance when they bear a uniform load of 5000N/ m 2 , while for public transportation escalators, the deflection shall not be greater than 1/1000 of the supporting distance [4] .
The loads borne by escalators are mainly as follows:
(1) Uniform load. It mainly refers to the gravity of the devices installed in the truss.
(2) Passenger load. The design passenger load of truss is 5000N/m 2 according GB 16899-2011.
(3) Concentrated load. It mainly refers to the integrated load of the components of the driving device, such as the driving machine and the control cabinet.
(4) Truss weight. The escalator truss is affected by bending moment and torque at the same time, and the strength can be calculated according to the following combination of bending and torsion.
In the above formula:
Me refers to equivalent bending moment, could be calculated by: M e = √M 2 + (α • T) 2 , α depends on the characteristics of torsion shear stress. In this case, it is considered that the torsion shear stress changes according to the fluctuating cycle, and α=0.6.
W refers to bending section coefficient (mm³).
Influence of Corrosion Thinning on Bearing Capacity and Rigidity of Truss Structure
Steel is likely to rust in air or humid environment. It is mainly due to the oxidation of iron atoms on the surface of steel and air to form loose rust, especially when the air contains acid and alkali salts. Corrosion not only causes uneven rust on the steel surface, but also causes stress concentration and early damage of truss structure. The corrosion of steel seriously endangers the safety of truss structure. The author calculated and checked the strength and rigidity of three different types of escalator trusses of different manufacturers after the main sections of steel structure were thinned by 10%, the details are shown in table 1 to 3. For 1# truss, the deflection under the load of 5000N/m 2 shall not be greater than 1/750 of the support distance according to the strictest requirement of GB 16899-2011, and the initial design deflection of 43.17mm just meets the requirement of less than 43.18mm. The deflection is 52.66mm under the condition of main profile corrosion reduced by 10%. After the main profiles corrosion thinned by 10%, although the maximum stress is larger than the initial state, but it does not exceed the yield strength of the material, so there is no risk of plastic deformation of the truss; however, the truss deflection after the main section corrosion does not meet the requirements of GB16899.
For 2# truss, the stress increases 51MPa after the profile is corrosion thinned by 10%, which is also far lower than the yield strength of the material; although the truss deflection increases to 12mm, it is also lower than the original design value of 17.8mm, which is within the acceptable range.
For 3# truss, the comparison of three working conditions is calculated. The most unfavorable is working condition 2. After the corrosion of profile is reduced by 10%, the maximum stress of truss is 72.5Mpa, and the safety factor is n= 400MPa/72.5MPa=5.51, which is greater than the design value 5; the maximum stress of support angle steel is 79.8MPa, which is far less than the yield strength of material 345MPa; the maximum interference of truss is 5.41mm, which is slightly less than the maximum allowable value 7.44mm. Compared with the calculation result that the truss girder is corrosion thinned by 10%, there has little influence on the strength, but has great influence on deflection.
Conclusion
The truss is an important component of an escalator, and its strength and rigidity is very important to safe operation of the escalator. If the truss strength is insufficient, the escalator will be broken in operation, which will cause serious casualties. If the rigidity of the escalator is insufficient, the movement track of the moving parts of the escalator will not be guaranteed, and the deformation and collision between the moving parts will occur, which will also endanger the safety of the escalator and passengers.
In this paper, the strength and rigidity of three different types of escalator trusses after corrosion thinning are analyzed by finite element calculation. The calculated stresses of the trusses of the three escalators are far less than the allowable stresses, and the corrosion thinning has little effect on the strength of the escalators. In the deflection analysis, after the profile of 1# escalator is thinned, the interference will exceed the allowable value, and 2# and 3# escalators will approach the maximum allowable value although they meet the requirements. Therefore, the corrosion thinning has the greatest influence on the deflection of truss. Therefore, in the escalator design, it is necessary pay more attention on improving the rigidity of the truss, so as to avoid the inflection of truss exceeding the standard requirement, and ensure that the escalator truss can meet the requirements of safety operation in the whole life cycle.
